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Introduction
In the description of an interferometric method of measuring diffusion constants given by Coulson, Cox, Ogston & Philpot (1948), the movement of the outermost dark band was shown to be described adequately by a mathematical approximation using Bessel functions, for values of the total refractive difference between solution and solvent greater than about 13 wave-lengths' path difference. With smaller differences of refractive index two sources of inaccuracy appeared:
(а) The factor /? was not accurately given by our expression. (б) The apparent movement of the outermost band became periodic, owing to the crossing of the moving interference bands due to the diffusion boundary and the fixed Fraunhofer bands arising from the rectangular stop; the intensity of the latter was insufficient to cause the appearance of this effect with greater differences of refractive index. The Bessel function approximation was inadequate for the descrip tion of positions of bands other than the outermost and this prevented us from u s in g the relative positions of the inner bands to test the departure of the boundary from the ideal Gaussian form.
Since our work went to press, independent work by Kegeles & Gostin g (1947) and Longsworth (1947) on the same method of observing diffusion has appeared. These authors have observed the interference pattern at times much longer than those used by us: they have shown, at these longer times, that the movement of all but the innermost bands of the pattern is satisfactorily described by a modification of the ray-theory treatment, by which the intensity minima are taken to occur at phasedifferences o i j + f instead o f; + 1 (j being an integer). This discovery makes possible the accurate description of the movement of the whole band system and so leads to the possibility of testing the form of the boundary; it also makes possible the use of the method at lower differences of refractive index between solution and solvent and thus the use of a calibrating substance under these conditions is avoided. Experiments and computations are described here which extend the useful range of our version of the method down to a phase-difference of a little more than one wave length and which make possible some degree of analysis of the homogeneity of a diffusing substance.
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where z is related to distance x from the centre of the boundary since the beginning of diffusion by z = x/*J(4:Dt). Following Kegeles & Gosting (1947), the expression in the bracket will be written as f(z).
The angular deflexion d* of any one of these minima, divided by the maximum theoretical deflexion in the middle of the boundary (2 = 0) #max> is given by fy/0max. = e~*2- ( 
2)
The relative positions of the minima, from the optic axis, are thus independent of time and of v. It is convenient also to express the values of + f so as to obtain a function independent of v. This can be done by giving a number n0 = v (j 0) to the outermost minimum and numbers ni -(w0 -j) to the inner minima. Then
Thus, whatever the values of v and of t, a given value of n0 should correspond with a certain value of fy/0max.-If has been found most convenient to plot log (-1 \nj -against log 0ma,xJ0j] departure from this relationship shows departure of the boun dary distribution from the simple Gaussian form.
(6) The value of /? for the outermost minimum is given by max>; P obtained from this treatment is written to distinguish it from the value obtained from Bessel functions, ftB.
(c) The combination between the interference patterns arising from the boundary and from the stop, which causes the periodic movement of the bands at low values of v, could be avoided by the use of a very much wider stop as was in effect done by Longsworth (1947). On the other hand, the small (2 mm.) stop is useful in reducing the intensity of light in the innermost bands, which arise from the outer parts of the boundary: this avoids the photographic difficulties mentioned by Longsworth by bringing the intensity of the whole pattern within the latitude of the photographic plate. The theoretical positions of zero intensity in the combined pattern can be defined, but it is doubtful how closely these positions would correspond with the apparent centres of the dark bands obtained in the photographic record, since the latter would depend on the distribution of light intensity on each side of the theo retical zero and on the characteristics of the photographic plate. I t seems likely, however, that the theoretical zero and the apparent centre of the band will corre spond fairly closely where a minimum of the boundary pattern coincides with a Fraunhofer minimum, since in this case the distribution of light about the minimum is fairly symmetrical.
(2) Diffusion of a mixture (а) The form of the interference pattern. With a mixture of substances, which diffuse independently of each other from a common initially sharp boundary, the distribution of each component is described by a Gaussian curve, all curves having the same origin. Assuming that the minima of intensity still occur at phase-differences o f; + f , equations (1) and (2) become ' Since no simple way of performing this solution presented itself, it was necessary to proceed by computation. Attention has been confined to the case of two components only since it is likely that analysis in these terms will nearly enough represent the behaviour of preparations which are not quite homogeneous and will enable a good approximation to the diffusion constant of the main component to be obtained. It is unlikely that the resolving power of the method is good enough to justify analysis in terms of several components or that, in deliberate work on mixtures, more than two diffusing components will be used. 
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E xperimental (1) Apparatus and its use
The method used was that described by Coulson et al. (1948) , with the following modifications:
(a) A new means of stopping the outflow from jhe cell has been devized (figure 2), because the method of freezing the outlet tip proved to be inconvenient, especially in experiments of longer duration, and because it occasionally caused dist'irbance of the boundary.
On the side of the regulating tap A distant from the cell, the capillary outlet tube is bent downward, first at 45° and then vertically, to end in a sharply tapered tip. A short open capillary side-arm B is sealed to the 45° portion and is fitted with a sac C made of 2 mm. bore flexible tubing (preferably of PVC since it is more rigid than rubber). The sac is enclosed in a hole in a Perspex block Z>, which is cemented on to the outlet tube and which carries a screw E which bears on the sac. The sac is filled with clean mercury. When it is desired to stop the outflow, the sac is compressed by means of the screw; a small drop of mercury is squeezed into the outlet tube, is carried down towards the outlet and there stops in the tapered tip, arresting the outflow smoothly and completely. A single filling of the sac is sufficient for many runs. The mercury droplet is removed from the tip, when required, by applying suction through a rubber The Oouy dij 279 tube. This system is completely positive and has the special advantage that there is an interval, during which outflow continues, between the turning of the screw and the arrival of the droplet at the tip, so that the effect of any mechanical disturbance produced in turning the screw is removed before the flow stops. (6) It has been found to be unnecessary, with more slowly diffusing substances, to use the full capacity of the pipette (1* 1 ml.); the slower rate of flow needed to form and maintain the boundary makes it possible to use as little as 0*4 ml. of solution for a determination.
(c) The slit has been used at a constant width of 0*0005 cm. and no attempt has been made to vary the intensity of the light reaching the focal plane by this means.
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Thus, the contribution of the slit to the interference pattern recorded is constant. Kodak 0*250 plates have been used for exposure times corresponding to diffusion constants of 10-6 downwards. The photographic intensity has been controlled by introducing grey screens of known extinction in front of the source of light.
(d) The stop-assembly has been fitted with a vertical adjusting screw, for centering the stop on the boundary. Centering is done most conveniently by forming a boundary and then allowing spreading by diffusion to take place. As the boundary spreads beyond the confines of the stop, the innermost bands fade away; if the stop is not correctly centered, a blurring precedes their disappearance, due to the asymetrical distribution of light. The stop is therefore adjusted vertically, using visual inspection of the image, until the whole pattern appears quite sharp. In measuring the inner minima (log w0/(w3 --f ) « 0*9) care is needed that measure ment is made where the Fraunhofer fringes do not seriously interfere. In the case of a very rapidly diffusing impurity, care is also required that measurement is made at a time before that part of the boundary which gives rise to the bands measured has begun to spread beyond the limits of the stop; this is easily detected by fading of the intensity of the bands. In such a case it may be convenient to measure Xj at a time at which X 0 is not measurable; but the relationship of 1/X § against t is accurately linear and extrapolation may be made with confidence. R esu lts a n d disc u ssio n (1) Test of the modified ray-theory for a single diffusing substance (a) Distribution of bands. Longsworth (1947) showed that the modified ray-theory gives the positions of all but the innermostbands correctly at rather long times after forming the boundary. This has been confirmed at much shorter times; figure 1 shows that the experimental points obtained from a range of concentrations of glycine, in relation to the theoretical curve. These points were obtained from measurements at various relative times and show that the relationship is independent of time; the The Oouy diffusiometer Thus it has proved possible to determine the value of D down to 2*5, using the values of PT given by the modified ray-theory, with an accuracy of 1 to 2 % and, further, to calibrate the method for measurement down to 1*2. It is likely that the reproducibility of this calibration depends on the width of slit and size of stop used.
These sets of results together confirm the accuracy of fiT, obtained from the modified ray-theory, over a wide range. It is satisfactory that PT begins to deviate seriously from fiB (table 2) A. G. Ogston (6) Mixtures of two diffusing components. In order to test the method more strictly, the diffusion of mixtures of lactoglobiilin with sucrose and with potassium chloride was observed. The analysis is set out in table 9. In both cases, the agreement of the quantities estimated from the analysis with their known values is satisfactory. 
Conclusions
The application of the modified ray-theory to the analysis of the interference pattern arising from a diffusion boundary is justified by the results given above. By its use, an accurate analysis of the diffusion pattern of a mixture of two diffusing components in terms of their proportions and diffusion constants can be performed; also correction can be made with fair accuracy for the effect of heterogeneous material on the apparent diffusion constant o f a main component. It should be pointed out that the method of analysis described does not make nearly full use of the experimental data provided by the record of a diffusion experiment and that its scope and accuracy might be increased considerably if a less clumsy means of handling the equations were to be found.
